Introduction
============

The treadmill exercise test (TMT) has been used to diagnose angina pectoris in many cardiovascular centers as it is inexpensive, easily performed, and provides real-time results. Despite some inter-investigator variations, a meta-analysis found that the sensitivity and specificity of a TMT for diagnosis of coronary artery disease (CAD) averaged 68% and 77%, respectively.[@B1] However, since a substantial number of patients with angina pectoris also have arthritic or lung diseases due to old age, they cannot reach the target heart beat and the test is terminated without completion, and in young women the depression pattern of the ST segment occasionally shows an upslope, thus making the diagnosis difficult in such cases. Although the diagnosis could be confirmed by stress echocardiography or myocardial single photon emission computerized tomography (SPECT), such modalities are costly and difficult to perform immediately when required. Another alternative is coronary multi-detector CT (MDCT) angiography; however, it involves exposure to radiation in addition to the high cost.

While aortic valve sclerosis (AVS) detected using 2-dimensional (2D) echocardiography is known to be an independent risk factor for predicting the development of CAD,[@B2][@B3] it has not been investigated in association with a TMT.

The present study determined whether AVS is a predictor of CAD in patients with suspected angina pectoris in whom TMT findings were inconclusive.

Subjects and Methods
====================

The subjects
------------

The study was conducted prospectively on 354 patients who visited our outpatient clinic with symptoms suspicious of typical stable angina pectoris. All patients underwent TMT and 2D echocardiography. Coronary angiography was performed on 317 patients, excluding patients with negative TMT results. The exclusion criteria were patients with rheumatic valve diseases, patients with significant AV stenosis (a continuous wave Doppler speed of blood flow passing through the aortic valve \>2 m/s, or the area of the aortic valve orifice \<2 cm^2^), patients already diagnosed with angina pectoris by coronary angiography, atrial fibrillation, Wolff-Parkinson-White (WPW) syndrome, a history of cardiac surgery, myocardial infarction, heart failure, or left or right complete bundle branch block on electrocardiogram.

Treadmill exercise test
-----------------------

The TMT was conducted according to Bruce\'s protocol, and the results were interpreted based on the American College of Cardiology/American Heart Association (ACC/AHA) guidelines and were scored as negative, positive, incomplete, or equivocal.[@B4] Negative results showed no symptoms, and had no ST segment changes at target heart rate. Positive results showed typical symptoms during the TMT regardless of reaching the target heart beat, with significant ST segment depression (based on baseline, ST segments showed \>0.1 mV horizontal or downslope depression that was maintained for longer than 0.08 seconds), or ischemic ventricular arrhythmia. Incomplete results were early TMT termination due to events other than the development of ischemic arrhythmia at \<90% target heart beat. Patients who reached \>90%, but \<100% without typical symptoms and the atypical change of ST segments during the test, were evaluated to be equivocal results.

Patients with incomplete or equivocal TMT results were defined as inconclusive patients. There were 37 (10%) negative cases, 152 (43%) positive cases, and 165 (47%) inconclusive cases.

2-dimensional transthoracic echocardiography
--------------------------------------------

2D transthoracic echocardiography was performed using a 3.5 MHz Sequoia C256 probe (Acuson Co., CA, USA) or a 3.5 MH Vivid 7 probe (GE Vingmed, Horten, Norway). 2D echocardiographic tests and Doppler tests were performed following the Standard Practical Guideline for 2D echocardiography from the American Society of Echocardiography.[@B5] The area of the aortic valve orifice on the sternal left margin was measured using a static image in which the 3 valves were most widely open, while the aortic valve blood flow speed was measured on the apical 5-chamber view using a continuous wave Doppler. These measurements were taken three times and the mean was used in analysis.

Aortic valve sclerosis measurement
----------------------------------

Using a long axis view of the left sternum margin, valve thickness was defined as the value obtained by enlarging the area of the aortic valve, and measuring the thickest valve of the right coronary aortic valve as well as the non-coronary aortic valve during the systolic period. Using a short axis view of the left sternum margin, when movements of the right coronary aortic valve and non-coronary aortic valve during the systolic period were examined by enlarging the aortic root, a valve opening inward concave was defined as normal, whereas a valve opening inward flat or inward convex was defined as showing restricted motion.[@B6]

Definition of aortic valve sclerosis and severity
-------------------------------------------------

A diagnosis of AVS was based on an aortic valve thickness \>2 mm or restricted motion.[@B7] AVS severity was classified as mild or severe. Mild cases were defined as the cases that only one aortic valve thicker than 2 mm, and non-restricted motion. Severe cases were defined as patients that AVS in more than two aortic valves, or sclerosis detected in one valve that was thicker than 4 mm, or restricted motion.[@B6]

Coronary artery disease diagnosis
---------------------------------

Significant CAD was diagnosed when a coronary angiogram performed through the right femoral artery showed stenosis \>70% in diameter in more than one major epicardial artery.

Duke treadmill score
--------------------

After the TMT, the Duke treadmill score was obtained as a measure of CAD prognosis.[@B8] This score was based on the following expression: {exercise time (min)-5×ST segment deviation (mm)-4×angina (0, 1, 2)}.

Statistical analysis
--------------------

All results are presented as the mean and standard deviation. A commercial program was used for statistical analysis. Groups were compared based on the presence or absence of AVS. For continuous variables, unpaired t-tests were applied, while Chi-square tests were used to compare categorical variables. When the patients were divided to three groups according to the presence or absence of AVS and analyzed, test for trend was used. To assess factors associated with CAD, we used multiple logistic regression analysis and calculated odds ratios and 95% confidence intervals. The diagnostic value of AVS was determined using a 2×2 table considering patients with and without CAD and patients with and without AVS. Diagnostic sensitivity, specificity, accuracy, and positive and negative prediction rates were determined. In addition, the survival rate for each group was obtained using Kaplan-Meier curves. Significance was defined as a p\<0.05.

Results
=======

This study analyzed 165 patients suspected of having angina pectoris with inconclusive TMT results. The 2D echocardiography and coronary angiography data from these patients were analyzed.

Patient characteristics according to aortic valve sclerosis
-----------------------------------------------------------

The AVS and non-AVS groups were similar in all characteristics except that the AVS group was older and had CAD more frequently ([Table 1](#T1){ref-type="table"}).

Coronary artery disease incidence according to aortic valve sclerosis
---------------------------------------------------------------------

There were more non-AVS patients in the non-CAD than the CAD group. Conversely, there were more AVS patients in the CAD than the non-CAD group ([Fig. 1](#F1){ref-type="fig"}). For both males and females, the incidence of CAD was higher in the AVS patients. When applying an age threshold of 60 years, we found that the incidence of CAD was higher only in AVS patients \>60 years of age ([Fig. 2](#F2){ref-type="fig"}).

Univariate analysis showed that AVS was the only risk factor for CAD in 165 patients who showed inconclusive results in the TMT (p\<0.01). Multivariate logistic regression analysis to assess independent risk factors included the traditional risk factors such as, age, gender, hypertension, diabetes, smoking, hyperlipidemia (low density lipoprotein-cholesterol ≥140 mg/dL), and AVS. The results showed that AVS was the only factor predictive for CAD (odd ratio=8.576; 95% confidence interval, 3.739-19.672) ([Table 2](#T2){ref-type="table"}).

Coronary artery disease incidence according to aortic valve sclerosis severity
------------------------------------------------------------------------------

We found that the incidence of CAD increased as the severity of AVS increased (p for trend, p\<0.001) ([Table 3](#T3){ref-type="table"}).

Diagnostic value of aortic valve sclerosis for coronary artery disease
----------------------------------------------------------------------

Analysis of combined inconclusive and positive result groups data showed that the sensitivity, specificity, accuracy, positive prediction rate, and negative prediction rates for the presence of AVS for CAD were 57%, 70%, 61%, 80%, and 44%, respectively ([Fig. 3](#F3){ref-type="fig"}). In the inconclusive group, the sensitivity for CAD of severe AVS was 58% and the specificity was 70%.

Duke treadmill score
--------------------

Patients were analyzed in three groups: non-AVS, mild AVS, and severe AVS. The Duke treadmill scores were 5.0±4.3, 4.9±3.7, and 3.9±4.2, respectively, but the apparent decreasing trend was not found to be significant.

Major cardiac events and mortality
----------------------------------

Patients were followed-up clinically for an average of 11±6 months. No patient died during this time. The incidence of major clinical events represented by coronary revascularization or rehospitalization was 5% in the non-AVS group and 4% in the AVS group. The two groups did not differ in terms of event-free survival rates ([Fig. 4](#F4){ref-type="fig"}).

Discussion
==========

In the present study, 53% of patients had conclusive TMT results, while 47% had inconclusive findings. For the latter group, additional tests, such as coronary angiography, were performed based on risk factors for cardiovascular disease. However, a problem with performing tests by considering risk factors is that unnecessary angiograms may be performed due to a desire to assess the presence or absence of lesions. According to the recent ENCOURAGE study,[@B9] mortality rates were similar for stable angina pectoris patients undergoing either coronary angioplasty or drug treatment. Hence, drug treatment is a useful approach in patients unlikely to have CAD.

Previous studies reported an association between AVS and CAD,[@B10] and AVS patients had a higher incidence of CAD and consequently high mortality rate.[@B11] CAD is more frequently observed in AVS patients because AVS is associated with aorta and carotid artery atherosclerosis. Severe AVS predicts advanced systemic atherosclerosis.[@B12]-[@B14] AVS and atherosclerosis show similar progression features, such as the presence of oxidized lipoprotein, inflammatory cells, microscopic calcification, and proteins produced by activated macrophages in tissues. However, the increase in smooth muscle cells, calcium, and protein detected in atherosclerosis are not features of AVS.[@B15]

According to a recent study, coronary angiography revealed the sensitivity was 64% and the specificity was 71% in the diagnostic value of AVS for CAD.[@B2] Similarly, a Korean study reported that AVS patients were examined by coronary angiogram and the results showed that the sensitivity was 65% and the specificity was 66%.[@B3] Those two studies differed from the present study in that they involved patients with stable angina and acute coronary syndrome, whereas our study involved patients with stable angina. Despite this difference, the present study found AVS had a sensitivity of 62% and a specificity of 67% for the diagnosis of CAD, similar to the previous reports.

The present study examined whether gender or age affected the association between AVS and CAD. Gender had no effect, while CAD was more common in AVS patients \>60 years of age. We compared coronary angiography findings between inconclusive and all TMT patients and found there was no difference in terms of the diagnostic value of AVS for CAD ([Fig. 3](#F3){ref-type="fig"}).

The Duke treadmill score did not differ between AVS and non-AVS patients, reflecting the change of ST segments (the variable with the largest effect on the score) was not large in either group. AVS and non-AVS patients showed a similar incidence of major clinical events during the approximately 1-year clinical follow-up, which may reflect the short follow-up period. A follow-up study of AVS and stenosis patients by Otto et al.[@B11] found that differences in mortality rates became significant only after 5 years.

In conclusion, if the results of a TMT for patients with chest pain on exertion are inconclusive, the presence of AVS on echocardiography is a good predictor of CAD.

Limitation
----------

Coronary angiograms were not performed on all patients showing inconclusive TMT results. Coronary angiography was not performed on patients with a low risk of CAD, or with financial problems. Such patients were excluded and it may possibly cause the errors in study results.
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Characteristics of patients with and without aortic valve sclerosis
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AVS: aortic valve sclerosis, DM: diabetes mellitus, LDL-C: low density lipoprotein-cholesterol, CAD: coronary artery disease
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Predictors of coronary artery disease according to multivariate analysis
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CI: confidence interval, LDL-C: low density lipoprotein-cholesterol
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Results of coronary angiography in patients with differing aortic valve sclerosis severity
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AVS: aortic valve sclerosis, CAD: coronary artery disease
